Abstract: Hartree-Fock calculations for hypothetical spherical nuclei with N = Z are carried out without the inclusion of Coulomb interactions, spin-orbit terms or pairing in order to study one simple property of such systems: the bulk compression due to surface tension. We find that the behavior expected from Thomas-Fermi and Droplet calculations manifests itself for medium and heavy nuclei, and the agreement between microscopic and macroscopic descriptions is further illustrated by carrying the calculations to extremely large mass numbers. Deviations of the lighter nuclei from the simplest form of the macroscopic theory are discussed and various improvements are considered.
The Droplet Model Squeezing Formula
The Droplet Model prediction for the density distribution inside a 4 nucleus may be found in ref.
). We recall here the derivation for the simplified situation to be studied in this paper corresponding to a fictitious, spherical, uncharged nucleus with equal numbers of neutrons and protons (N = Z). The density in the bulk region is assumed to be sufficiently uniform so that a single quantity, the 11 central density 11 Pc; can be used to characterize the bulk conditions. The equivalent sharp radius R is related to
For finite nuclei, Pc will, in general, be different from the nuclear matter
Let £ be a measure of this deviation, defined by
In the Droplet Model the bulk energy is written as (There was no spin-orbit force, so the shell closures do not correspond to those for actual nuclei.)
The resulting Hartree-Fock density distributions exhibit the usual radial ripples associated with quantal effects, so the extraction of a bulk density to be compared with eq. (7) is not a trivial matter. Some kind of smoothing of the rippled distributions is necessary. The method we adopted was to make a When used with a Skyrme type interaction, the Extended Thomas-Fermi method leads to an energy-density formalism where the energy can be written as a functional of the local one-body density and its derivative 8 • 9 );
Here F(p) is the energy density of infinite, uniform nuclear matter and G(p)(grad p) 2 represents modifications produced by non-uniformities in the density. The Euler equation determining the density distribution has the form dF dG 2 dp + dp (grad p) + 2G ap = A ( 11) where A is the Lagrange multiplier corresponding to particle conservation and equal to the particle separation energy, viz.: higher than the average of the Hartree-Fock points. This difference may or may not be within the ambiguities of the smoothing prescription used to extract the bulk density of the rippled Hartree-Fock densities.
Possible Droplet Model Refinements
The standard Droplet Model is based on an expression for the nuclear energy that includes terms up to a sufficient order in the small quantity £ (itself of order A-113 ) so that the final binding energy formula (obtained by We shall now show that, under rather general assumptions, such an extension -1/3 can never lead to a down-turn of 6p/p 0 no matter how many powers of A are included. We shall go on to argue that the down-turn is a feature associated with terms that are non-analytic in A-113 , in particular of the type exp(-cA 113 ), which do not possess a Taylor expansion in A-113 .
To prove the "no down-turn" theorem we start with the Euler equation (11) and apply it to the center of a spherical nucleus, where the density is Pc• " the derivative p 1 is zero and the Laplacian ~P is three times Pc• the second derivative of p evaluated at the center 11 ):
w ere = dp" 10 For a leptodermous (thin-skinned) system, the value of p 11 tends rapidly to zero as one leaves the surface region and approaches the center. In
Thomas-Fermi type calculations, the value of p 11 decreases exponentially with distance from the surface, the range of the exponential being a quantity of the general order of the surface width. (More precisely, the range is characteristic of the inward part of the surface diffuseness, whose value is inversely proportional to the incompressibility coefficient K.) In any case,
II
the value Pc will be proportional to an exponential term of the form
The separation energy A in eq. (13) 
In the above, ac is the curvature energy coefficient (see Table I ) and K 1 and K 2 are higher-order compressibility coefficients defined in terms of an expansion of e in powers of c, viz.: An analysis of the separation energies in the Thomas-Fermi solutions (plotted as the solid curve in Fig. 2d) shows that x is not responsible, so the down-turn must be due to the term Fig. 1 ). The conclusion stated in ref. 14 ) , which may also be relevant here, was that "the limit of a useful Droplet Model type of power
expans1on 1n is probably reached around A 0 , and that future efforts should concentrate on a better understanding of the exponential, non-analytic terms ... which begin to dominate for small (holodermous) systems."
We hope that the present study, in addition to removing certain misgivings concerning the Droplet Model, will contribute to a better ,, understanding of these terms. ., c -15
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